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7KH SDSHU GHVFULEHV D GHYHORSPHQW DQG XVH RI OLJKWZHLJKW FRQFUHWH DQG OLJKWZHLJKW VHOIFRPSDFWLQJ FRQFUHWH XVLQJ
DUWLILFLDOOLJKWZHLJKWDJJUHJDWHEDVHGRQH[SDQGHGFOD\IRUUHDG\PL[FRQFUHWHDQGSUHFDVWHOHPHQWV7KHREMHFWLYHRIWKLV
UHVHDUFK ZDV WR HYDOXDWH WKH OLJKWZHLJKW FRQFUHWH RQ GXUDELOLW\ RI FRQFUHWHV SODFHG LQ FKHPLFDOO\ DJJUHVVLYH OLTXLG DQG








/LJKWZHLJKW KLJK SHUIRUPDQFH FRQFUHWHV LH VHOIFRPSDFWLQJ FRQFUHWH DQG OLJKWZHLJKW ILEUH UHLQIRUFHG
FRQFUHWHDUHWKHW\SHVRIFRQFUHWHWKDWDUHQRWLQFRUSRUDWHGLQDQ\VWDQGDUGRUJXLGHOLQH+LJKZDWHUDEVRUELQJ
FDSDFLW\ ORZ YROXPH ZHLJKW DQG ORZ VWUHQJWK RI OLJKWZHLJKW DJJUHJDWH DUH WKH PDLQ SUREOHPV RI GHVLJQ
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DJJUHJDWH WKRVHKDYH WKHPDMRUHIIHFWRQEHKDYLRXURI WKHVH W\SHVRIFRQFUHWH/LJKWZHLJKWDJJUHJDWH/LDSRU
SURGXFHGLQWKH&]HFKUHSXEOLFZDVWKHRQO\SRURXVDJJUHJDWHXVHGIRUWKHH[SHULPHQWV
$V D SDUW RI WKH UHVHDUFK FRQFHUQLQJ OLJKWZHLJKW FRQFUHWH WKH LQIOXHQFH RI DGPL[WXUH RI PHWDNDROLQ RQ
UKHRORJLFDOSURSHUWLHVRIIUHVKFRQFUHWHDQGSK\VLFRPHFKDQLFDOSURSHUWLHVRIKDUGHQHGFRQFUHWHZDVWHVWHGLQ
WKH ILUVW VWDJH >@$IWHU HYDOXDWLRQ RI WKH WHVW UHVXOWV RI PL[GHVLJQV WKDW DV IDU DV WKH DERYHPHQWLRQHG
SURSHUWLHVDQGWKHHFRQRP\DUHUHJDUGHGWKHEDWFKFRQWDLQLQJE\YROXPHRIPHWDNDROLQFDQEHFRQVLGHUHG
YHU\ HIIHFWLYH &XUUHQWO\ ZH WHVW FRQFHUQLQJ WKH UHVLVWDQFH RI OLJKWZHLJKW FRQFUHWH DQG OLJKWZHLJKW VHOI
FRPSDFWLQJ FRQFUHWH WR FRUURVLYH HQYLURQPHQW DUH UXQQLQJ DV D SDUW RI UHVHDUFK ZRUN ,Q WKLV SDSHU WKH











PLFURVLOLFD SRZGHU LQ WKH SURSRUWLRQ RI  E\ YROXPH RI FHPHQW 0,; ,& 7KH PL[GHVLJQ 0,; ,'
FRQWDLQHGPLFURQL]HG OLPH VWRQH LQ WKHSURSRUWLRQRI E\ YROXPHRI FHPHQW&KHPLFDO DQDO\VLV RI XVHG
PHWDNDROLQDQGPLFURVLOLFDLVJLYHQLQ7DEOH$IWHUGD\VEDVLFSK\VLFRPHFKDQLFDOSURSHUWLHVZHUHWHVWHG
ZLWK UHIHUHQFH VSHFLPHQV 7HVW VDPSOHV PDGH IURP DERYH PHQWLRQHG PL[HV ZHUH VXEMHFWHG WR DFWLRQ RI
GLIIHUHQW FRUURVLYH HQYLURQPHQWV2WKHU VDPSOHVZHUHSODFHG LQ FRUURVLYH HQYLURQPHQWV IRU WKHSHULRGRI 
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DFLG IRUP D FU\VWDOOLQH QHRIRUPDWLRQV RI &D&2ZLWK YHU\ ILQH JUDLQ 3URSHUWLHV RI FRQFUHWH GR QRW FKDQJH
PXFKZKLFKH[SODLQVRQO\OLWWOHGLIIHUHQFHVLQFRPSUHVVLYHVWUHQJWKVDQGYROXPHZHLJKWVRIPL[HV0,;,$
ZLWKIO\DVKDQG,%ZLWKPHWDNDROLQDUHLQWKHILUVWVWDJHRIFDUERQDWLRQDIWHUGD\VRIH[SRVLWLRQWR
&2 DQG  UHODWLYH KXPLGLW\ RI DLU ZKLFK LV WKH VDPH FRQGLWLRQ DV WKDW RI VDPSOHV SODFHG LQ H[WHULRU
HQYLURQPHQW DV UHJDUGV WKH OHYHO RI FDUERQDWLRQ ,Q WKH ILUVW VWDJH RI FDUERQDWLRQ FDOFLXP K\GUR[LGH LQ WKH
PLFURVWUXFWXUH RI WKH FHPHQW PDWUL[ ERWK FU\VWDOOLQH ± 3RUWODQGLW DQG IURP WKH VSDFH EHWZHHQ JUDLQV LV
DWWDFNHGE\FDUERQGLR[LGH7KHSURGXFWRI WKHVHFKHPLFDO UHDFWLRQV LVFDOFLXPFDUERQDWHFU\VWDOOL]LQJ LQ WKH
IRUPRIFDOFLWH,QWKHVHFRQGVWDJHRIFDUERQDWLRQFDUERQGLR[LGHUHDFWVZLWKFDOFLXPK\GURVLOLFDWHVIRUPLQJ





HQYLURQPHQW ZH KDYH WR VWDWH FRQVLGHUDEOH LQFUHDVH RI WKH FRQWHQW RI 62 ,QFUHDVHG GHJUDGDWLRQ RI VXUIDFH
OD\HUVZDVDOVRFRQILUPHGE\PDUNHGFRORULQJRIVDPSOHV+RZHYHUUHVXOWVRI;UD\GLIIUDFWLRQDQDO\VLVGLG
QRW FRQILUP RFFXUUHQFH RI SURGXFWV RI VXOSKDWLRQ J\SVXP PRQRVXOSKDWH WULVXOSKDWH LQGLFDWLQJ LQFUHDVHG
GHJUDGDWLRQRIFHPHQWPDWUL[,QWKHILUVWVWDJH&D2+RULWVVROXWLRQLQWKHVSDFHVEHWZHHQJUDLQVLVDOWHUHG
WRKHPLK\GUDWHRIFDOFLXPVXOSKDWHZKLFKSDUWO\ ILOOVSRUHV6WUHQJWKRIFRQFUHWH ULVHVEXW WKHYDOXHRIS+
GHFUHDVHV
(IIHFWRI&O
&RPSDULVRQ RI UHVXOWV RI PLQHUDORJLFDO FRPSRVLWLRQ RI PL[GHVLJQ SODFHG LQ FKORULGHV DQG LQ H[WHUQDO
HQYLURQPHQWVKRZHG WKDWDFWLRQRIFKORULGHVRQPL[GHVLJQVPRGLILHGZLWKIO\DVK LQ WKH WLPHSHULRGRI
GD\VGLGQRWFDXVHIRUPDWLRQRIQHZSKDVHVLQWKHLUPLFURVWUXFWXUHZKLFKZRXOGPHDQGHJUDGDWLRQRIFRQFUHWH
PDWUL[ GXH WR FKORULGHV :H KDYH WR KLJKOLJKW WKDW QRQH RI WHVWHG PL[GHVLJQV VKRZHG DIWHU  GD\V LQ
FKORULGHV RFFXUUHQFH RI )ULHGHOV VDOW RU RWKHU PLQHUDOV ZKLFK FRXOG FDXVH H[SDQVLRQ SUHVVXUHV LQ
PLFURVWUXFWXUHRIWKHPDWHULDODQGGHJUDGHPDWUL[WRWKHH[WHQWRIGHFUHDVLQJVWUHQJWKVRIWKHWHVWHGFRQFUHWH
0RGLILHG0,;,%VKRZHGLQFUHDVHRIVWUHQJWKZKLFKLQGLFDWHVSRVLWLYHHIIHFWRIPHWDNDROLQ(YHQWKRXJKZH
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H[SHFWHGKLJKHU OHYHORIGHJUDGDWLRQ WKURXJKF\FOLFDODFWLRQRIFKORULGHVZHGLGQRW ILQGDQ\PDMRUFKDQJHV
FRPSDUHGWRFRQVWDQWH[SRVLWLRQRIWHVWVDPSOHV
(IIHFWRIGLHVHORLO










WR (XURSHDQ VWDQGDUG (1  %DVHG RQ WKH UHVXOWV IRXQG LW FDQ EH VWDWH WKDW XVLQJ FRDO IO\ DVK LV
XQDPELJXRXVO\SRVLWLYHDVIDUDVUHVLVWDQFHDQGGXUDELOLW\RIOLJKWZHLJKWFRQFUHWHLQFRUURVLYHHQYLURQPHQWLQ
SDUWLFXODU&2DQG62LVUHJDUGHG7KHDQDO\VHVLPSO\WKDWPL[,$ZLWKIO\DVKDQGLQSDUWLFXODUPL[ZLWK
IO\ DVKPRGLILHGZLWKPHWDNDROLQ ,% DUHPXFKPRUH UHVLVWDQW WR FRUURVLYH DJHQWV WKDQRWKHUPL[HV8VLQJ
SRURXV DJJUHJDWHV IRU KLJK VWUHQJWK FRQFUHWHV PLJKW EH VXUSULVLQJ FRQVLGHULQJ LPSRUWDQFH RI VWUHQJWK RI
DJJUHJDWHIRUVWUHQJWKRIKLJKVWUHQJWKFRQFUHWH/LJKWZHLJKWDJJUHJDWHLVSRURXVDQGKDVUDWKHUORZVWUHQJKW
1HYHUWKHOHVVGURSRIYROXPHZHLJKWRIFRQFUHWHZLWKVWUHQJWKRI03DEHORZNJPFDQUHSUHVHQW
FHUWDLQFRVWVDYLQJGXH WR UHGXFWLRQRI WRWDOFRQVWUXFWLRQZHLJKW/LJKWZHLJKWVHOIFRPSDFWLQJFRQFUHWHPDGH
ZLWKOLJKWZHLJKWDJJUHJDWH/LDSRUPD[LPDOVWUHQJWK03DZLWKFRPSUHVVLYHVWUHQJWKRI03DFDQ
EHDWSUHVHQWUDQNHGDPRQJOLJKWZHLJKWKLJKSHUIRUPDQFHFRQFUHWHV
$FNQRZOHGJHPHQWV
7KLVRXWFRPHKDVEHHQDFKLHYHGZLWKWKHILQDQFLDOVXSSRUWRIWKH0LQLVWU\RI,QGXVWU\DQG7UDGHRIWKH
&]HFK5HSXEOLFSURMHFW0327,3)5²7,
5HIHUHQFHV
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